INTRODUCTION
The Mediterranean scaldfish, Arnoglossus laterna (Walbaum, 1792) , is a demersal flatfish. Although there are 163 known lefteye flounder species in the world, only seven species are found in the Mediterranean and Black Sea-all of them present in Turkish waters (Froese and Pauly 2016) : Arnoglossus grohmanni (Bonaparte, 1837); Arnoglossus imperialis (Rafinesque, 1810) ; Arnoglossus kessleri Schmidt, 1915 ; Arnoglossus laterna; Arnoglossus rueppelii (Cocco, 1844) ; Arnoglossus thori Kyle, 1913; and Bothus podas (Delaroche, 1809) . Arnoglossus laterna lives at depths between 10 and 200 m (Nielsen 1986 ) but usually prefers the depth range of 10-100 m (Muus and Nielsen 1999) . The maximum standard length and age were reported as a 25 cm (Muus and Nielsen 1999) and 8+ years (Gibson and Ezzi 1980) . The habitat range for this species was described as eastern Atlantic (from Norway to Angola), Mediterranean and Black Sea (Froese and Pauly 2016) . The species lives on mixed or muddy bottoms and feeds on small fish and invertebrates (Nielsen 1986) . For Turkey, A. laterna is a demersal species discarded from trawls, purse seines, trammel nets, and gill nets. Although some studies have been carried out on this species for the same geographic area, there is no information on mortality rates, first maturity size and age, probably because of its inferior importance (a discard species).
The main objective of this study was to provide information on the length distribution, sex ratio, lengthweight relation, age, growth, spawning period, mortality rates, exploitation ratio, length and age at first maturity of A. laterna for the east-central Aegean Sea. Furthermore, this study presents the mortality, spawning period, first maturity size and age parameters for the first time for this area.
MATERIALS AND METHODS
Fish collection. Samples of Arnoglossus laterna were collected from İzmir Bay ( Fig. 1) , by the research vessel R/V Egesüf (27 m LOA, ~372 kW main engine) at depths of 30-70 m. The sampling period was at monthly intervals from July 2004 through June 2007. The sampling gear was a traditional bottom trawl net and the codend was 8 m long knotless diamond shaped meshes made of polyamide material (PA) with 22 mm stretched mesh size netting (Tosunoğlu et al. 1996) . Fish measurements. Fish samples were brought to the laboratory and the total length (L) of each individual was measured in the natural body position and recorded with 1 mm precision. Total weight (W) and gonad weight (W G ) were determined to the nearest 0.01 g, and the sex was recorded. The lengths of the individuals were classified in 0.5 cm group intervals and a length-frequency diagram was drawn using the pooled data. One-way ANOVA was performed to analyse differences in the mean length of both sexes.
The determination of sex and maturity stages was carried out by macroscopic inspection of the gonads. The maturity stages were assessed according to Gunderson's (1993) scale: stage I (immature), stage II (resting), stage III (developing), stage IV (ripe), and stage V (spent). The sex ratio (female ÷ male) of the samples was calculated using only mature individuals, and a chi-square (χ 2 ) test was applied for determining the significance of the male to female ratio. Length-weight relations. The parameters intercept (a) and slope (b) of length-weight relations were estimated by linear regression analysis on transformed data by Napierian logarithm
where W is total body weight (g) and L is total length (cm) (Ricker 1973) . The degree of relation between variables was calculated by the determination coefficient (R 2 ) and the growth type was identified by Student's t-test. The test was applied to determine the significance of differences between the isometry (b = 3) and the allometry (b ≠ 3), and also the negative allometric growth (b < 3) and the positive allometric growth (b > 3). Age and growth estimation. Sagittal otolith pairs were removed, cleaned, and stored in dry conditions inside microplates. Age determination was performed using a stereoscopic zoom microscope under reflected light against a black background, and the age readings were made by two experienced independent readers. The opaque and transparent rings were counted and an opaque ring together with a transparent zone was considered the annual growth indicator. Some otoliths, which were hard to observe because of calcium accumulation on their surfaces, were prepared for age readings by sectioning, rubbing, and polishing. They were embedded in polyester moulds, cut by an ISOMET™ low speed saw, polished with sandpaper (type 400, 800, and 1200), and finally polished with 3, 1, and 0.25 μ particulate alumina (Metin and Kinacıgil 2001) .
Growth was analysed by fitting the von Bertalanffy growth function to size-at-age data using standard nonlinear optimization methods (Sparre and Venema 1998 
To find the statistical significance of differences between our and other researchers' findings the Student's t-test analysis was performed using phi-prime index values (Sparre 1987) . Spawning season estimation. The spawning period was established with monthly variations of the gonadosomatic index (GSI, %) from the equation
where W G is the gonad weight [g] and W is the total weight [g] of the fish (Ricker 1975) . The percentages of developing (III), ripe (IV), and spent (V) gonad stages were calculated to determine additional finding regarding the estimation of the spawning season. First maturity length estimation. Length at first maturity (L m ) was defined as the length at which 50% of the population investigated was near to spawning (King 2007) . The length at 50% maturity was determined with the L50 computer program by the logit function (İlkyaz et al. 1998 ). The equations:
were applied, where R m is the maturity rate of each length class [%] , n m is the number of mature individuals, n i the number of immature individuals, PR is the logarithmic transformation of the maturity rate for each length group, r(L) is the proportion of mature individuals in each length class [%] , L is the fish total length [cm] , L m is the mean total length at sexual maturity (50%, cm), a is intercept and b is slope. Mortality rate estimations. The total mortality rate (Z) [year -1 ] estimation was calculated by the equation
where F is the rate of the fishing mortality [year -1 ] and M is the rate of the natural mortality [year -1 ]. The total mortality coefficient was estimated by fitting the survivor ratios (S) for the age with the equations
where n t is the number of the individuals belonging to the age group t and n t + 1 is the next age group (Ricker 1975 ). The equations:
were used to estimate the natural mortality coefficient (Jensen 1996) , b is the progression parameters that varied between 1.3 and 2.1, w is the mean critical length to asymptotic length ratio according to the fish family as calculated by Cubillos (2003) . However, it is not calculated for the family Bothidae, and it is suggested as 0.62 for all other fish species. The fishing mortality and exploitation ratio (E) [year -1 ] were calculated by the equations:
RESULTS

Sampling and sex ratio.
A total of 2469 A. laterna individuals were sampled during the study period and it was determined that 25.6% of the samples were female (n = 633), 40.3% male (n = 996) and 34.1% immature (n = 840). The sex ratio was calculated as 1 ÷ 1.57 (female ÷ male) and chi-square analysis showed that there was a statistically significant difference between the number of males and females (χ 2 , P < 0.05). The lengths of the sample ranged from a length of 4.4 cm that was sampled in May to a total length of 19.8 cm that was sampled in January. Although females ranged between 5.5 and 19.8 cm (10.05 ± 0.11), males varied from 5.6 to 17.6 cm (9.83 ± 0.06) total length ( x ± SE). The test results showed that mean length was not significantly different between the sexes (F = 3.6, P > 0.05). For all samples, the mean total length and total weight of the individuals was calculated as 9.4 ± 0.05 cm and 8.2 ± 0.15 g, respectively. Furthermore, it was observed that the majority of the individuals were within the 8.5 to 10.0 cm length interval (42.7%) (Fig. 2) . Length-weight relation. The length-weight relation was W = 0.0074L 3.04 (R 2 = 0.969) for all samples (Fig. 3 ) and the calculated standard error of slope (b) was ±0.03. This result show that the 95% confidence limit of slope (95% CL b ) range was 3.01-3.07 and due to that confidence limit of slope the species' growth type was positive allometry (t-test, P < 0.05). Age and growth. According to the results of otolith readings, the age distribution of individuals varied between 1 and 8 years. The age group 1 (47%) was dominant, followed by 2 (41%), 3 (8%), 4 (2%), and 5 through 8 (1% for each) age groups. The von Bertalanffy growth function parameters were estimated as the infinite length (L ∞ ) 20.62 cm; the infinite weight (W ∞ ) 72.31 g; the theoretical age of the fish prior to hatching from the egg (t 0 ) -1.071 year; and growth coefficient (k) 0.245 year -1 (R 2 = 0.967). As a result, the growth equation was determined as L t = 20.62 [1 -e -0.245(t + 1.071) ] and the growth performance index (φ') was calculated as 2.02 (Fig. 4) . The t-test result showed that there was no significant difference between the growth parameters of this and other studies' findings (t = 0.072, P > 0.05) First maturity length and age. It was observed that the smallest female was 5.6 cm and the smallest male was 5.5 cm total length and both of them were one year old. Gonad maturity in 50% of the individuals was found at 11.88 cm total length for females (a = -19.948, b = 1.679, R 2 = 0.807) and 11.41 cm for males (a = -17.257, b = 1.513, R 2 = 0.770) (Fig. 6 ). The sexual maturity age was found at two years of age in both sexes. , the natural mortality (M) was 0.450 year -1 , and the fishing mortality (F) was 0.744 year -1 . Finally, the exploitation ratio (E) of the stock was estimated as 0.623 year -1 .
DISCUSSION
Although females tended to be slightly longer than males, the analysis of variance showed no significant difference between mean total lengths of males and females. On the other hand, the chi-square analysis showed that there was a significant difference between number of males and females. For the same study area, Uckun Ilhan et al. (2007), Bayhan et al. (2008a) , and Uçkun İlhan et al. (2010) reported the sex ratio as 1 ÷ 1.72, 1 ÷ 1.62, and 1 ÷ 1.91, respectively. Similarly, Özütok and Avşar (2002) for Yumurtalık Bight (western Mediterranean, 1 ÷ 1.40), and Tičina and Matić-Skoko (2012) for Adriatic Sea (north central Mediterranean, 1 ÷ 1.65), reported that the sex ratio skewed in favour of males. In addition, all previous studies reported that the rate of males was higher than that of females except in Edremit Bay (northern Aegean Sea) where it was 1 ÷ 0.61 (Çakır et al. 2003) . It is well known that the sex ratio is an important parameter for the fish stock and this ratio in the majority of species is close to 1 ÷ 1 (Nikolsky 1963) . However, this rate varies considerably from species to species, differs from one population to another of the same species and may vary from year to year in the same population (Nikolsky 1963) .
There have been a large number of studies on the length-weight relation of A. laterna and the results are given in Table 1 . For all samples and the same study area, positive allometric growth type was reported by Özaydın and Taşkavak (2006) similarly as our findings, however, the isometric growth type was reported by Bayhan et al. (2008a Bayhan et al. ( , 2008b , and the negative allometric growth type was reported by Özaydın et al. (2007) and Uçkun İlhan et al. (2010) . Although, the majority of researchers have reported the growth type as isometric (Cicek et al. 2006 , Veiga et al. 2009 , Keskin and Gaygusuz 2010 , Bok et al. 2011 , some of them have reported it as negative allometric (Karakulak et al. 2006 , Sangun et al. 2007 ). None of them, however, reported positive allometric growth for other geographic areas. Merella et al. (1997) presented the highest slope value for Balearic Islands amounting to 3.45. On the other hand, the lowest b value for the Marmara Sea was given by Keskin and Gaygusuz (2010) as 2.67. The b values are often 3.0 or range between 2.5 and 3.5, and in each fish population may differ according to the species, sex, age, sexual maturity of fish, season, and fish feeding (Ricker 1975) . Furthermore, because the data have included early juveniles which in the majority of fish have not yet attained the adult body shape (Safran 1992) , or included very old specimens which often have distorted body forms with unusually high proportions of fat (Froese 2006) , or included an insufficient sample size which has a very narrow length size, this can influence the growth type determination.
Throughout the procedure of ageing, some of the sagittal otoliths were problematic because of their physical structure that calcium accumulation on their surfaces. Some of the old samples in particular required special processing methods to allow accurate age reading. Because of this, some of the otoliths were prepared for age readings by the cross-section method. Similarly, Gibson and Ezzi (1980) and Tičina and Matić-Skoko (2012) reported this difficulty in age reading from the otolith for A. laterna. Consequently, considering the annual ring formations on the otolith, the maximum age was determined as 8 years. For A. laterna, Gibson and Ezzi (1980) gave the maximum reported age as 8+ for the west coast of Scotland. Özütok and Avşar (2002) reported the maximum as 8 years for western Mediterranean (Yumurtalık Bight, Turkey), the same as our finding. Deniel (1990; cited after Froese and Pauly 2016) for the north-eastern Atlantic (Douarnenez Bay, Brittany) and Djabali et al. (1993; cited after Froese and Pauly 2016) for the northern central Mediterranean (Adriatic Sea, Italy) reported the maximum age as 7.5 and 4 years, respectively.
The von Bertalanffy growth function parameters show that the predominant portion of the growth occurs in the first year of life, and A. laterna attained 39.7% of the asymptotic size (Fig. 4) . Similar results were shown in the findings of other previous studies (Deniel 1990 , Djabali et al. 1993 [both papers cited after Froese and Pauly 2016] , Özütok and Avşar 2002) . On the other hand, the infinite length (L ∞ ) was different from the findings of all previous studies. The results in these studies were smaller than our finding and we calculated the infinite length to be a little longer than our maximum sampled size. Similarly, the growth coefficient (k) was also different from the findings of all previous studies. The growth coefficient was reported as 0.570 by Deniel (1990; cited after Froese and Pauly 2016 ) and 1.032 by Djabali et al. (1993; cited after Froese and Pauly 2016) , and these results are higher than our own and previous studies' findings. The high growth coefficient (k) value is indicator of rapid growth and short life time, however this fish species has relatively long lifespan. For this study, the growth performance index (j') was calculated as 2.02 while the other studies' maximum and minimum growth performance index was calculated between 1.50 (Yumurtalık Bight) and 2.38 (Douarnenez Bay) (Deniel 1990 [cited after Froese and Pauly 2016] , Özütok and Avşar 2002) . These two values of the growth performance index indicate a lower growth in the western Mediterranean (Yumurtalık Bight) than in the northeast Atlantic (Douarnenez Bay), whereas the opposite was expected. On the other hand, the statistical test result indicates that there is no significant difference between this study and previous studies' findings, although there are very different findings on von Bertalanffy growth function parameters. This result showed that the differences of growth parameters by coast could probably be attributed to variations in the habitat. Similarly, Weatherley and Gill (1987) indicate that the growth of fish where fish live is directly or indirectly affected by the environmental conditions (supply of available food, temperature, and intensity of competition for food) and by fishing activities ( Table 2) .
The presently reported study provides the first information on spawning season, first maturity length and mortality rates of A. laterna for the east-central Aegean Sea. Based on the gonadosomatic index values, the reproduction of A. laterna continues throughout almost the year but the maximum spawning commences in August and continues until October. Furthermore, similar findings were demonstrated in the percentages of ripe and spent gonad numbers. The reproduction period was reported by Gibson and Ezzi (1980) to be from June and August in the northeast Atlantic (west coast of Scotland); by Özütok and Avşar (2004) to be between February and June in the western Mediterranean (Yumurtalık Bight, Turkey); and by Froese and Pauly (2016) to be from April to August in the North Sea and the Mediterranean. Our findings also show reproduction in the time periods indicated by previous studies. As a result, all the studies' findings indicate a different time interval for the spawning period of A. laterna. And these results show that the spawning period has a close relation to the ecological characteristics of the water system in which the species lives (Nikolsky 1963) .
We found that the sexual maturity sizes were very close (F: 11.88, M: 11.41 cm total length) and the age (2 years) was the same for females and males. These results showed that there is no sexual dimorphism in sexual maturity between sexes. Giovanardi and Piccinetti (1984) reported the first maturity length at 6.8 cm for sex combined in the Adriatic Sea (Italy), which is a very low size with regard to this study and findings of other studies. These different results may be caused by the differences in the composition of the sampling size. On the contrary, Deniel (1984 Deniel ( , 1990 [the latter paper cited after Froese and Pauly 2016] ) reported the first maturity length and age at 11 cm total length and 3-year-old for females in Douarnenez Bay (Brittany). This can be explained because the regional differences in environmental factors mean that the seawater temperature in the study area of this study is higher than in the eastern north Atlantic.
Natural mortality can be influenced by two factors related to the genotype and environmental factors (biotic and abiotic) of the species. Although, A. laterna is a non-commercial fish species, it is regularly fished along the coastal areas as a discard species. Because of this the fishing mortality and exploitation ratio parameter were calculated. The mortality ratios show that fishing mortality is higher than natural mortality. Therefore, the exploitation ratio parameter indicates that there is a high catch pressure on the stock.
The presently reported study provides the mortality rates, spawning period, first maturity size and age for Mediterranean scaldfish, Arnoglossus laterna, for the first time for the east-central Aegean Sea. And it also provides the length distribution, sex ratio, length-weight relation, age and growth of the fish stock. These parameters, reported herewith, contribute to a better knowledge of the species, and are very important for successful fisheries' management. Consequently, this study serves as baseline data on Mediterranean scaldfish for the east-central Aegean Sea and will be helpful in future fisheries' studies.
